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Fires
e Unpredictable
o USA2019-4,664,364 acres
o USA2018-8,767,492 acres

e (California 2020
o 4.2 million acres burnt
o 33 direct lives lost
o Indirect deaths of 1,200+
o $10 Billion total economic loss

Analysis
e Notreal-time

e Information gap
e Expensive
e Risk human lives
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e Unmanned Aerial Vehicles (UAVSs)
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Remove humans from fire
Provide real-time data
Implement Al

e Onboard Hardware

o O O O

Nvidia Jetson Nano

HD and thermal cameras
Image processing algorithms
SDR communication
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1. Pilot Flies the Drone 2. Drone Finds Fires 3. Drone Processes Fires 4. Drone Sends Data to User
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DJI Phantom 3 Pro or DJI Matrice 200
Nvidia Jetson Nano
o Image Classification
o Object Detection
o Image Segmentation
o Path Planning
PiCamera v2
FLIR Vue Pro R Thermal Camera
SDRs
GUI



e Front-end
o Python
o Tkinter

e Back-end
OpenCV
Tensorflow
Keras
Yolov3

m Darknet
o U-Net

o O O

O

Tkinter




e Drone System
o Run Al models
o Gatherinfo from sensors
o Passittothe SDR
e SDRs
o Relayinformation
e Ground System
o Displayinfo
o Present user with drone System
Controls



Drone SDR H Ground SDR
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& Fire Scout GUI = O X

Menu Title of current operation

Temp + Humidity
Temp: 0.0 °C
Humidity: 0.0 %

CO2 Data

Longitude: 0.0
Latitude: 0.0
Altitude: 0.0

Direction: 0.0

Weather API

Request HD l
Request Thermal...

Begin Classification | Begin Segmentation | Begin Object Detection | Stop Current Process




Sensor Input

& Fire Scout GUI

Request HD
Request Thermal...

Begin C

Title of current operation

Begin Object Detection

Stop Current Process

C02 Data

Long .323

Latitude: 32423.3
Altitude: 8001.324
Direction: 1.0

Weather API

Drone Sends
Sensor Info
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Drone Finds
Fires

e (lassification
-Binary fire vs no fire detection

tewenro)

Fagn Classtcation | Bagen Sagmansaion | Bage Cagect Datection | Saap Cumvent Pracuss |

Rt Tharmal




kel Prototype
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Drone Processes
Image

e Object Detection T;QT
- Detection based on patterns [ J:




- Prototype

Drone Processes
Image

gTruth

e Segmentation
-Binary pixel level detection




Drone Takes
HD Snapshot

(02 Data
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Longause 011023
Latmuce 12413
Ameude 2001 134

Dwactons 10

Waather 4/




- Prototype

Drone Takes
Thermal Snapshot

e Thermal TET
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e Nvidia Jetson Nano

o

O
O

Converting models to Nvidia
Jetson Nano

Different versions (Python,
Tensorflow)

OOM errors

Lack of documentation

e SDR pipeline

Drone SDR (left) and Ground
Station SDR (right)
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e TensorRT
e Custom Models
e Virtual Environments
e Working with EE to get the SDR to

an acceptable state

Python
Virtualenv
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e Unit Testing the classes sent through the SDR
o Usedby CSandEE

e Integration and System testing
o (CS's modules “integrate” through EE’s modules
o EE Dependent

EE EE CS CS




Fire Scout's Software Implementation Plan

1/11/2021 1/31/2021 2/20/2021 3/12/2021 4/1/2021
Imzge Classification '
Object Detection [
Image Segmentation  E—————
Train Models [ —————— ||
SDR Communication  E— — —
ThermalCameraData A |
File Formatting Protocol S ———_
GPS & Sensor
GUI
Hardware Integration |
Path Planning
Software Optimization

4/21/2021
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e Fireskilland need to be foughtin a unigue ways
e Fire Scout saves lives and fights fires in a modern way
o Al can detect and analyze fires
o Emphasis on future developers
e Whats next...
o Finishing EE integration
o Optimizing models
o Gathering Metrics
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https://www.nbcnews.com/mach/science/drones-are-fighting-wildfires-some-very-surprising-ways-ncna820966
https://www.fire.ca.gov/stats-events/

https://news.nau.edu/afghah-career-award/#.X5pfIFBIB3
https://www.sfchronicle.com/california-wildfires/article/Hidden-cost-of-wildfire-smoke-Stanford-15595754.php
https://blog.skygate.io/how-to-detect-a-single-tree-from-a-drone-imagery-of-a-dense-forest-de190f64cdb7
https://nanonets.com/blog/real-time-object-detection-for-drones

https://www.dji.com/matrice-200-series

https://abc7news.com/california-wildfires-cost-of-cal-fire-stanford-wildfire-research/6897462/

https://www.nifc. qov/ﬂrelnFo/ﬂreInFo stats totalFlres html

d- seqmentatlon -using-deep- learnlnq/10 1117/12.2304936.short?SS0O=1
https://docs.nvidia.com/deeplearning/tensorrt/developer-quide/index.html



https://www.nbcnews.com/mach/science/drones-are-fighting-wildfires-some-very-surprising-ways-ncna820966
https://www.fire.ca.gov/stats-events/
https://news.nau.edu/afghah-career-award/
https://www.sfchronicle.com/california-wildfires/article/Hidden-cost-of-wildfire-smoke-Stanford-15595754.php
https://blog.skygate.io/how-to-detect-a-single-tree-from-a-drone-imagery-of-a-dense-forest-de190f64cdb7
https://nanonets.com/blog/real-time-object-detection-for-drones/
https://www.dji.com/matrice-200-series
https://abc7news.com/california-wildfires-cost-of-cal-fire-stanford-wildfire-research/6897462/
https://www.nifc.gov/fireInfo/fireInfo_stats_totalFires.html
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10649/106490B/Wildland-fires-detection-and-segmentation-using-deep-learning/10.1117/12.2304936.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10649/106490B/Wildland-fires-detection-and-segmentation-using-deep-learning/10.1117/12.2304936.short?SSO=1
https://docs.nvidia.com/deeplearning/tensorrt/developer-guide/index.html

